In an attempt to reconcile these discordant opinions, I put my efforts to gain a clear understanding of the seminiferous tubule's structure and how it relates to the growth of [flagella] and the production of seminal fluids. I therefore undertook a number of studies on the testicles of man and several mammals; those findings were previously published in the years 1871 and 1875.
The new theory promoted by Ebner on the growth of [spermatids] is mainly based on observations made on rat testes. Therefore, I will devote the first part of my work on the structure of seminiferous tubules of the rat, leaving my findings on other animal species and man to be published at a later time.
Seminiferous tubules structure and development of [spermatids] in rats
Rats (Mus decumanus) lend themselves better than any other animal species to the study of testis structure. Their seminiferous tubules are very large and connected to one another through a thin and loose interstitial tissue. This makes it extremely easy to isolate relatively long tubule tracts by using needles. The high production of spermatozoa in these animals occurs on a regular basis, which allows for quick location of these components at their various stages of development.
The tubule structure is very complicated and differs at various points along a single tubule, insofar as the development of [spermatids] doesn't occur at the same time throughout its entire length, but to a different extent in each tract of the tubule. This feature, observed for the first time by Ebner (1) 8 and which I can absolutely confirm, is paramount and should be taken into account for the study of the tubule's structure. As this structure varies according to the developmental stage of [spermatids] , what we see if we observe a scrape preparation of random tubule sections in which [spermatids] are at different stages of development is a number of components very dissimilar in shape, so that any relationship among them is hardly established. I believe it is precisely because we kept ignoring this circumstance that we have not yet been able to identify the real shape, arrangement, and genetic link of the abundant cells contained in seminiferous tubules. Prior to illustrating the tubules' content, it is worth a brief digression to describe how [flagella] develop in order to facilitate the understanding of concepts that will be outlined further on.
As I will demonstrate later, I am firmly convinced that [spermatids] develop from the [germ cells] contained in the seminiferous tubules.
On this basis, I divide the time in which a [flagellum] develops and reaches maturity into three main stages. This subdivision is not completely arbitrary. It is true that the spermatozoon goes through a continual process of metamorphosis from the beginning to the end of its development, and it only undergoes slight, gradual changes. It is therefore impossible to precisely determine the beginning and ending of each phase. However, in each of these three stages, the development of one of the three parts that constitute the [spermatid] takes place, coinciding with the main structural changes of seminiferous tubules.
In the first [(, or round spermatid)] stage, the component from which the spermatozoon originates still looks very much like a cell and it undergoes little change. This stage begins when the [germ cell] 7 Here, Sertoli is alluding to the stages of the seminiferous epithelium, which were not codified until almost 100 years later [Perey, Clermont, and Leblond Amer J Anat (1961) ]. 8 Studies on the structure of the seminiferous canals, ecc. From the Institute for Physiol. U. Histol. In Graz, brsgb. By A. Rollet, 2 Hft.
shows its first signs of development with the formation of the sperm tail. It concludes when, following the cell elongation, the nucleus reaches one of its ends and the alterations in shape that will lead to the formation of the head are about to start.
The second [(, or elongating spermatid) ] stage begins at this point and it concludes when the nucleus evolves into the head. However, by the end of this period, the head is still attached to the protoplasm 9 of the elongated, flattened cell [(now termed an elongated spermatid)]; the enlarged tail emanates from its largest end.
During the third [(, or condensing spermatid)] stage, the [spermatids] become fully developed. The filament for the formation of the midpiece [(of the flagellum, or tail)] connects to the head. The cellular protoplasm gradually disappears, generating the well-known appendage joined to the midpiece. Initially, the [spermatids] form sheaf-like structures arranged in a radiating pattern, with the heads toward the tubule periphery. At the end of this stage, mature [spermatids] move through the center of the tubule and orient themselves parallel to the direction of the tubule.
This last stage occurs simultaneously with the first developmental stage of a new generation of [spermatids] , which grow downward in the following tract of the tubule.
When one examines a relatively long tract of fresh tubule, which is easily found in rat testes, slightly magnified and soaked in aqueous humor or serum, this appears different at various stages of [spermatid] development.
While between the end of the first stage and the beginning of the second a given tract of the tubule contains only cells, during the second stage it is possible to identify [spermatid] heads in the following portion ever more precisely. Finally, in the third stage, one sees the filaments [(of condensing spermatids)] connected in a sheaf-like shape, which initially move from the periphery toward the center and gradually place themselves along the center of the tubule during the third stage.
As Ebner correctly observed, the development of [spermatids] occurs downward, so that the youngest are situated toward the end of the tubule, whereas the oldest are found in the opposite direction. Therefore, they develop in a direction opposite to the outward movement of [spermatids] from the tubules.
The three stages of development [(of spermatids)] I highlighted occur in the same tubule tract, whose length is not constant; similarly, the segment where each stage takes place varies as well.
By isolating a very long portion of a tubule and observing it under the microscope, one can see that a single tubule contains several generations of [spermatids] . At the point where one generation approaches its end, a new one begins to form as described above, occupying another portion of the tubule. This generation is followed by a third one further ahead, and so on.
Having provided a brief overview of the development of [spermatids] for the sake of a better understanding of my work, I now consider the tubule structure.
Seminiferous tubules of the rat are composed of a very thin sheath 10 and some content. This is a thick layer of cells of different shape and nature surrounding a lumen in the middle of the tubule, where there are seminal fluids with spermatozoa and cellular residues. The average diameter of the seminiferous tubules in rats is 0.33 mm and the cellular layer is approximately 0.1 mm thick [(on either side of the lumen)]. Thus, the diameter of the lumen is about 0.13 mm.
The sheath of the seminiferous tubule of the rat is composed of a single transparent, thin membrane; when soaked in carmine, it is possible to see a few pale, flat oval nuclei that are evenly arranged [(these are now termed peritubular myoid cells)]. Ebner (1) 11 and Mihalkowics (2) 12 showed that this membrane is not anhistous [(without definite structure)], as it is composed of many flat polyhedral cells 13 [(peritubular myoid cells)] connected to one another by their edges. This is easily observed when one treats fresh tubules with a solution of silver nitrate. It is not just by treating the tubule with silver salt that the cellular structure of the membrane can be identified. I was also able to observe it in isolated portions of tubules hardened in Müller fluid. Between the [peritubular myoid cells] described above, very peculiar components are often found, which I will turn to later.
Two categories of cells of different shape and function are present in the seminiferous tubules.
Cells of the first category stay in the tubules for their entire span life, until cell turnover. We can therefore call them fixed cells [(Sertoli cells) ].
The other category of cells, instead, continuously changes and renews; this constant movement is the product of the secretory activity of the testis. These cells are therefore motile [germ cells].
Fixed cells [(Sertoli cells)]
The first category consists of those cells I described and named branched cells [Sertoli cells] (1), 14 which compose the epithelium of the tubule. These cells have the shape of a cylinder or tapered cylinder and they are located within the tubule in such a way that its largest and more distant end is in contact with the internal face of the tubule membrane, whereas the narrower, central one delimits the tubule cavity or lumen. Therefore, a cylindrical epithelium covers the internal wall of a tube.
Unlike a simple cylindrical epithelium, though, these cells are in contact only at their peripheral end, because they are separated by the second group of cells [(germ cells) ].
The cells composing the epithelium of seminiferous tubules can also be isolated and examined in a fresh state in isotonic solution. The use of any special hardening solutions to make them visible is therefore unnecessary, although such solutions fix the shape these 11 Studies on the structure of the seminiferous canals, ecc. From the Institute for Physiol. U. Histol. In Graz, brsgb. By A. Rollet, 2 Hft., page 206. 12 Contribution to the anatomy and histology of the testis. Works from the Physiol. Institution for Leipzig, Jahrgang 1873. 13 "Polyhedral" or "polygonal" cells replaced with "peritubular myoid cells" throughout manuscript. 14 cells assume in the tubule when they are surrounded by the other components. I state this for those who intended to refute some of the morphological characteristics of the cells I described [Sertoli cells] and even to deny the very existence of these cells, considering them artificial products derived from the action of the preserving solutions I used.
Figure 1 (table IV) shows a [Sertoli cell] found in the seminiferous tubule of a recently killed rat, isolated in its own aqueous humor.
[Sertoli] cells treated in this way show a transparent, slightly granular protoplasm in which-just as in the cell shown in-coarser granules defined by well-marked borders, with the appearance of lipid droplets, are situated at the periphery of the cell. These lipid droplets, however, are not present in all the [Sertoli cells], and not in the same amount. 15 I will describe in which cells the lipid droplets are visible later. The protoplasm [of the Sertoli cell] has a neat border in the peripheral region of the cell, at the point where this contacts the tubule membrane. The contours of the remaining part, if the cell is examined in a fresh state, appear delicate and sometimes blurry. The side view of the uneven cell shows a slightly protruding protoplasm with equally indistinct borders. The protoplasm of the examined cells is also very soft and can be easily torn, damaged, or destroyed. This feature, together with the extremely delicate appearance of its border, shows that [Sertoli cells] of the tubule, unlike the ones composing other cylindrical epithelia, are not delimited by the layer of membrane or thickened protoplasm that contains the softest part of the protoplasm and give it a specific texture.
Another characteristic of this protoplasm that, I think, derives precisely from the lack of a delimiting layer is its stickiness. Hence, under the microscope, these cells often appear surrounded by other components of the tubule from which they cannot or are unlikely to detach. Their detachment is more likely to occur when the cells have been soaked in a preserving solution, e.g. in Müller solution. As this hardens and exerts pressure on the protoplasm of adjacent, adhering cells, it causes their surface to detach. It should also be noted that, if we examine the same cells sometime after the animal's death, it is even harder to isolate them in an isotonic solution, such as serum, than it is immediately after the animal has been killed. Borders are also less clear cut, because hardened substances deposit on their surface. I am of the opinion that, sometime after death, a spontaneous coagulation of some albuminoids in the intercellular fluid causes the cells to become entangled, thus helping to further bond them together in the tubule.
[Sertoli cells] of seminiferous tubules contain a nucleus that is always found in the peripheral region of the cell. This is in accordance with the rule that the nucleus of cells composing any glandular cylindrical epithelium is typically situated in the cellular end in contact with the membrane acinus or the glandular tube. The nucleus appears as a spherical or slightly oval vesicle composed of a membrane with a well-marked double border and a clear, transparent, almost homogeneous content. Within this nucleus, there is only one relatively large nucleolus, which is roundish, well defined, and opaque.
In the many observations I carried out, not just in rats but also in other animals and man, I never found more than one nucleus in the [Sertoli cells] of seminiferous tubules. According to my measurements of the cells in a fresh state, their average length is 0.053 mm, and the peripheral width is 0.011 mm; cells become gradually and irregularly narrower, and their size diminishes to variable degrees toward the central region, where they are approximately 0.004 mm. The average diameter of the nucleus is 0.010 mm; the nucleolus is typically large enough to be at least approximately measurable, with a diameter of 0.002 mm.
As to the response of fresh cells to the main reagents used to determine their chemical composition, in particular the nature of the protoplasm, these change in distilled water. The protoplasm swells and partially dissolves, and what is left is only a granular, shapeless cluster surrounding a stretched nucleus with better-defined borders. Both dilute and concentrated acetic acid makes the cell extremely pale, so that the protoplasm is only visible because a number of insoluble granules remain in the reactive agent. The protoplasm, however, only partially dissolves in acetic acid; although swollen and pale, the remainder becomes more visible again after rinsing the cover slip with distilled water. The nucleus appears extremely faded as well, and its membrane and nucleolus are almost invisible. All these parts, however, do not disappear when they dissolve. As I demonstrated elsewhere (1), 16 concentrated solutions of sodium chloride, which greatly affect the rounded components of the tubule, barely alter [Sertoli cells] by making the nucleus less visible. Dilute alkalis, potash, and soda dissolve the protoplasm and the nucleus, and only lipid droplets are left. The examined cells look different after they have been conveniently hardened in situ by means of a preserving solution such as Müller's. They appear darker, more opaque, notably narrower and slender; this is explained by the fact that the solution in which they were placed lead to coagulation and exerted pressure on the protoplasm of these cells.
The middle part or body of the cells, which assumed a more markedly prismatic shape, also has more pronounced, longer side ridges with a crest shape. These occupy the space between the rounded components in contact with the cells. When hardened on site under the same pressure as in the tubule, the entire cell maintains the shape it had to assume when the surrounding roundish components exerted their pressure on it.
I must therefore state that Merkel's conclusion regarding the shape of the extensions [(of Sertoli cells) Figure 1b ,c (table IV) , and cells in Figure 11 are compared with those in Figure 13 .
I also noticed that these extensions are hardly visible or only slightly protruding in fresh cells examined in isotonic solution. I believe this occurs because, once the cause that leads to their formation has been removed, the protoplasm assumes the original shape of a cylindrical [Sertoli cell]. When [germ cells] are absent, these cells have a distinctly cylindrical shape with regular straight edges, and there is no side extension of any shape, as one can see by examining these cells in the testis tubules of a fetus, or near the rete testis, as I observed in the testicles of a pseudohermaphrodite goat (1).
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It is also important to understand how the two ends of [Sertoli cells] in seminiferous tubules appear.
As The new components, however, do not cause the cells to detach from one another and separate, as they connect through equally welldefined edges delimiting all the polygonal areas occupied by [Sertoli cells] . In this case, though, they connect more inward, beneath the [germ cells] I described earlier. [(spermatids) ] enter more advanced developmental stages. Therefore, this depends not only on the stickiness of cellular protoplasm or the coagulation of the surrounding solution, but also on the shape of the components that adhere to it. This is especially true in the case of the rat because of the hook-shaped head of its [spermatids] . Nonetheless, it is possible to isolate and identify cells having a perfectly clear central region, which appears roundish and sometimes even slightly enlarged when observed in the fresh state and in aqueous humor, as shown in Figure 1a (table IV) . This region has a much different look when observed in cells conveniently hardened to maintain the shape they had to assume in the tubule because of the pressure of surrounding components. In this case, the central region of the examined cells is irregular, with few cavities or niches of different shapes circumscribed by abundant protrusions, just as larger cavities in the middle portion are delimited by projecting crests.
These cavities or niches take the shape of the components from which they originate, namely the [spermatids] Figure 1c .
In my opinion, the fact that the niches change shape according to the configuration of the components surrounding the [spermatids] is crucial, as it demonstrates that these are only impressions caused by the [spermatid] head. Due to the internal pressure of the tubule, the head becomes sunken into the soft protoplasm of [Sertoli cells], the same way as [germ cells] in contact with the body and periphery of the same [Sertoli cells] produce niches or receptacles that are variable in terms of width, depth, and completeness. If the cells were previously hardened in situ, the niches remain visible, whereas they mostly disappear if they were isolated in the fresh state and were no longer subject to any pressure within the tubule.
Motile cells [(germ cells)]
The second category of cells undergoes a continuous process of change and renewal. For this reason, I referred to them at the beginning of this work as motile cells [(germ cells) 
[(Spermatogonia)]
These cells are found in the periphery, between the membrane and the epithelium, where they form a simple layer, the germ stratum. 
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[Spermatogonia] would correspond, instead, and only when they have fully developed, to what Ebner described as small rounded cells with a large granular nucleus positioned in the meshes of its Keimnetz, or to granular heaps (granulirte sich stark imbibirende 23 First of many strong opinions that Sertoli shares regarding von Ebner's scientific work and theories. 24 "Germ cells" will be replaced with "spermatogonia" throughout the remainder of the manuscript. 25 "Nematoblasts" will be replaced with "round spermatids" throughout the remainder of the manuscript; also, Sertoli referred to elongating and condensing spermatids as "spermatozoa." Here, I am following current convention by calling all postmeiotic germ cells within the epithelium "spermatids," and specifying their identity as either elongating or condensing. They will be called spermatozoa once they leave the epithelium at spermiation. 26 It was first described by Sertoli in man, where it is greatly devel- [Spermatogonia] can be found along the entire seminiferous tubule, scarce in some tracts, abundant elsewhere. Their features, shape, and size vary according to their age.
They undergo two stages of development. In animals, in which the process of spermatozoa formation is active, the production and transformations of these cells occur at the same pace. The difference between the two stages resides in the shape and position of the cells. Figure 4 shows these cells as pictured from the front. In spite of all my efforts, I have not been able to find any prior description of these cells. 28 As shown in the figure mentioned above, they are composed of an opaque protoplasm, with no granulation, which can become intensely stained by carmine. In the midst of it, there is a large, rounded, clear protoplasm with granulations in its inner part. The nucleolus is not visible, not because it is missing, but because it can be hidden by the granulations in the center of the nucleus. These cells look flat, longer than thicker. As they move from the center toward the periphery, they become less and less thick. Therefore, the protoplasm looks more opaque and obscure in the largest area around the nucleus than in the thin periphery, where it is demarcated by a delicate, simple contour. This clearly demonstrates that [spermatogonia] do not lack a membrane at all.
Interestingly, these cells have four to five extensions that give them their peculiar star-shaped design. These extensions detach from the large-based cell and become gradually thinner as they move in opposite directions, although always in parallel with the tubule wall and never toward the center. As shown in Figures 4 and 5, they are mostly straight and they join the extensions of neighboring cells, so they often appear slightly swollen in the nodal points. In some cases, they are large and short, so as to form a sort of protoplasmic bridge connecting two neighboring cells. 29 27 Loose translation: "Granulated clumps." 28 Perhaps the first mention of mammalian spermatogonia. 29 In this section, Sertoli describes the two types of cytoplasmic processes in spermatogonia: intercellular bridges ("large and short"), and multiple (4-5) thin extensions that appear to be distinct from bridges. So far, I have illustrated how [spermatogonia] appear when they are isolated by macerating and slightly hardening the tubules in Müller solution. I will now add that it is also possible to prepare and see them fresh in serum or aqueous humor. Even in this case, their shape is the same as I described, with the only difference that the protoplasm is more homogeneous and transparent, the nucleus is smooth, without any granulations in the middle, and there are between one and three small nucleoli. If treated with dilute acetic acid, the protoplasm appears even more transparent, while the nucleus looks more opaque and darker-colored, although still smooth.
According to the measurements I made, the average body of a first stage [spermatogonium (type A)] has a width (diameter) of about 0.015 mm; the diameter of the nucleus is 0.011 mm; the cell maximum thickness is 0.007 mm.
The number of [spermatogonia] varies along the tubule tract, and they are not present across its entire length. [Perey, Clermont, and Leblond Amer J Anat (1961) ]; at these stages, the seminiferous epithelium would contain the following germ cells: rare type A spermatogonial stem cells, type A differentiating spermatogonia, leptotene (stage XI) and zygotene (stages XII-XIV) spermatocytes, pachytene (stages XI-XIII) and diplotene (XIV) spermatocytes, and condensing spermatids.) 1st g (g1
reproduction, which is nothing extraordinary. Often, I found two nuclei instead of one in some [spermatogonia] . I also saw binucleated cells clearly narrowing down in the middle, indicating their division. Similarly, the protoplasmic bridges [(intercellular bridges)] I mentioned earlier, which connect two cells together, are undoubtedly a product of these narrowing and subsequent distancing of two cells caused by the division of a single cell. until a certain number of cells have been produced. These cells often have two nuclei with the shape of two hemispheres, divided by a thin layer of protoplasm. In turn, these hemispheres contain two recently formed, more distant nuclei; their protoplasm, narrow in the middle, becomes increasingly narrower, until it causes the division of two new cells. Before they detach, the same division process occurs in each of them, so that one often sees three, four or, even more cells connect to one another as in a rosary. [Spermatogonia], however, do not stay in this position. I do not think anyone has purposely studied the cells contained in the tubule, with the exception of Ebner who, having found that the cells in the meshes of his Keimnetz were very similar in appearance to white blood cells, considered the possibility that they might proceed directly from these cells migrating to the tubule through the membrane.
While acknowledging that this appears to be the most likely hypothesis, the way [ I was never able to observe white blood cells undergoing any transformation in the star-shaped [type A spermatogonia] described, nor have I ever hit white cells passing through the tubule membrane in the solutions I prepared with utmost care for that specific purpose. Furthermore, I never noticed real white cells inside the membrane, as one should easily do if they were continuously moving within the tubules.
Instead, I observed peculiar cells in some membrane portions, scattered on the corners formed when three or more thin cell layers of the membrane connect to one another.
These [spermatogonia] have the appearance of a very dark, finely grained mass with blurred edges. Their shape is the same as the space left after the cell layers joined together. In a certain segment every two layers, it is also possible to see extremely delicate extensions with similarly blurred, indistinct borders. In the middle, they have a granular, often narrowing nucleus, which indicates cell division. Figure 17 accurately shows what I observed. Now the question is: Are these cells, scattered along the entire tubule, responsible for generating the [spermatogonia] they partially resemble? Or are they in charge of forming new membrane layers, thus contributing to the growth and renovation of the membrane? Further research will yield answers to this question, which I am still unable to find.
[Spermatocytes]
The second category of [germ cells are] [spermatocytes, and] their function is to produce both the cells from which [spermatids] generate and the seminal fluid in which these are suspended. They correspond to those [germ cells] in which Henle found a coarsely grained nucleus after they were treated with acetic and chromic acid.
So far, however, the description of these [spermatocytes] has been vague and imprecise. They have been confused either with the cells from which they originate [(spermatogonia)] or the ones they generate themselves [(spermatids)]. Their birth, death, and gradual morphological transformations have not been illustrated, nor have their real position within the tubules, or their relationship with other cells, ever been clarified. Therefore, Henle, who for the first time noticed the difference between this category of cells [(spermatocytes) ] and the one with smooth nuclei [(spermatids)], which I will describe later, did not add much information. He was barely able to observe that they can have one, two, or more nuclei which, under the action of the acids mentioned above, resemble a cluster of dark granulates, that they are located in the middle of the cell, and that their size ranges from 0.012 Nuclear granulations grow in number as well, and the small protoplasm surrounding the nucleus has a more marked border. This, together with their more pronounced spherical shape and their bigger size, makes first stage [spermatocytes (preleptotene, leptotene, 39 This section mentions a structure that is the blood-testis barrier, although at that point in time there was no additional information regarding their structure or function. If observed fresh and free in scrape preparations of aqueous humor, third stage [spermatocytes (late pachytene)] appear as large spheres (Figure 8) , with a diameter ranging from 0.20 to 0.025 mm. Their protoplasm is finely grained, soft, and elastic, so that at the slightest pressure they easily become elongated and polyhedral, and they return to their previous shape as soon as the pressure is released. The protoplasm is not surrounded by a membrane; I, at least, was not able to find evidence of its existence in my research.
These [pachytene spermatocytes] contain one or two spherical nuclei having a diameter of 0.010-0.012 mm. These nuclei have a very delicate border and their content must be fresh or homogeneous, or finely grained like protoplasm, as they are hardly visible and it is possible to see them only because they have a pale, small nucleolus (Figure 8b, d) . In fact, in some cases, the nucleus is not visible at all, or only its nucleolus appears, as shown in Figure 8d on the left. This is the appearance of cells with a granular nucleus. However, if one treats them with dilute acid, as Henle did, it can be immediately observed that the protoplasm becomes homogeneous and transparent, and the nucleus appears in the center in the form of a spherical cluster of big and dark granulates, as shown in Figure 8 a, c. I cannot tell whether these granulates are inside or only on the surface of the nucleus because they are so close together and dark that they block the view inside. The nucleus appears equally, but not so distinctly, granulated if the cells are treated with chromic acid or dichromate. These also make the protoplasm look more granular, dark-colored, hard, and stiff, so that if the cells were exposed to their action for a long time, in situ, they maintain the shape they took as a result of the pressure exerted within the tubule, thus appearing elongated, multifaceted, and mostly round tapered. The nucleus looks like a lighter-colored cavity with large granulations here and there ( Figure 13, 3 rd s). 
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I cannot say with any degree of certainty how nuclear division occurs. In tubules soaked for 24 h in Müller solution, I was sometimes able to discern large [spermatocytes] having two, three, or four larger granules, as if they were nucleoli, far from one another. Slightly visible, granular, blurred lines in correspondence with the mentioned nucleoli divided the nucleus in two, three, or four parts. In other words, I noticed a faint sign of nuclear segmentation. Moreover, I often observed a small nucleus attached to a large one having the same aspect, as if it were a bud. Nonetheless, I was not able to track this process of multiplication, so it still remains to be understood whether it occurs by segmentation, gemmation [(budding)] of the primitive nucleus, or both.
After they divide, nuclei [(of resulting spermatids)] become smaller, clearer, and smooth. Also, the cellular protoplasm undergoes an important change remained unobserved so far: it splits itself into two different substances. The first, finely granular, arranges itself in small clusters around the nuclei, which in turn attract a portion of this substance. The other, homogeneous, transparent, glass-like, encloses the first together with the nuclei. This transparent substance constitutes the glass-like spheres Eiweisskugeln 41 mainly located parallel to the direction of the tubule and whose origin is still unclear to current researchers of the seminiferous tubule structure. Figure 9a shows a fresh cell soaked in aqueous humor, where it is possible to see how these glass-like spheres originate. Around each of the three nuclei resulting from the multiplication of a single, large nucleus, one can see the accumulation of a finely granular mass, which can only be the product of the partial separation of the 40 Sertoli is describing the end of meiosis, which results in the formation of two secondary spermatocytes that will then each divide to form n=4 round spermatids. 41 This is a term that was used at the time to describe coagulated particles near the tubular lumina. protoplasm from the primitive cell. This forms three different cells enclosed in a large sphere of homogeneous substance. I observed many cells similar to the one shown in Figure 9 . Some of them have a number of small cells with a granular protoplasm, and others only have one or two cells.
It is not plausible to think that such large spheres only contain one small cell; furthermore, many small cells are free in the tubule, and many spheres have no cell at all. It is therefore natural to think that the small cells formed inside the large [spermatocytes] in the manner described earlier gradually leave, so that only the homogenous portion of the protoplasm composing the glass-like spheres remains. (Table IV I was able to discern the cavities from which small cells had left in hardened glass-like spheres, 42 but I never saw these cavities in fresh spheres.
If the substance contained in the large spheres is hardened in Müller solution when they are ready to separate from small cells, one will see that, when the spheres detach due to the preparation, a cavity or niche is still visible in the glass-like mass in place of the cells. Under natural conditions, instead, when cells detach from the glass-like substance, the latter forms clusters of spheres that fill the cavity left by the cells.
What happens when the spheres are hardened also demonstrates that the substance composing them is indeed a solid residue of the [spermatocyte] . It surrounds and holds together, for some time, the [spermatids,] originated from that very [spermatocyte] .
Therefore, the so-called cysts in seminiferous tubules are not exactly so. I never noticed any sign of a membrane surrounding the glass-like mass with the small cells described above. The glass-like spheres move toward the center of the tubule; as they travel, they disintegrate, producing seminal fluid. This is the reason they decrease in number along the seminiferous tubule instead of growing as a result of the steady production, and only a few small spheres, if any, are found in the epididymis.
On the contrary, small cells remain in place and form the [nascent round spermatids].
The life cycle of [spermatocytes] ends, leading to the production of the seminal fluid and cells from which [spermatids] originate. Figure 14 shows the point where such transformation of [spermatocytes] occurs.
42 These may represent residual bodies, which is discarded spermatid cytoplasm left behind in the seminiferous epithelium following spermiation that is phagocytozed by Sertoli cells. (Table IV [Spermatids] were already described by Henle as cells with a smooth nucleus. Subsequently, Kölliker, Henle, Schweiger, Seidel, La Valette St-George, Merkel, and I highlighted their role in the production of spermatozoa.
[ [(A cluster of round spermatids is formed from those)] that did not separate after originating from [spermatocytes] and remained connected to one another, thus forming large cells with a diameter that can vary from 0.016 to 0.025 and 0.050 mm, and up to 10 or more nuclei (Figure 9b, d) .
Both the protoplasm and the nuclei of these cells have the same appearance and microchemical features found in [single round spermatids].
A question may arise as to why no separation occurred, even when one assumes that these large [clusters of round spermatids] derive from third stage [late pachytene spermatocytes] and that glasslike spheres result from the division of protoplasmic substances and later detach from newly formed [round spermatids]. One might also ask whether the division of the two protoplasmic substances is due to decomposition, alteration, or if it is just part of the transformation process of [spermatocytes] .
Firstly, I state that there are far fewer large [clusters of round spermatids] with many nuclei than small ones with a single nucleus. Moreover, the separation of a glass-like substance from the protoplasm of third stage [late pachytene spermatocytes] can be observed in preparations of extremely fresh testes with isotonic solution like the aqueous humor of the animal. Therefore, the detachment can neither be the result of decomposition nor alteration.
On 45 The solution I added to rarefy and more easily identify the cells was the aqueous humor of the same animal.
Having worked in the way I explained above, I believe no one might think that the phenomena I described as natural and normal were the product of decomposition or alteration.
I explained at the beginning of this work that the development of [spermatids] can be divided into three stages. The tail forms during the first stage [in round spermatids], the head during the second [stage in elongating spermatids], and the midpiece develops during the third stage [in condensing spermatids]. We now examine the phenomena occurring during these three stages closely.
First Stage [(round spermatid)]-The first observable fact in a cell growing into a spermatozoon is the development of a corpuscle [(chromatoid body)] 46 in the protoplasm, in proximity to the nucleus, and a very thin and delicate thread, which is the tail of the future spermatozoon. The [chromatoid body] is opaque, smooth, and roundish, and it resembles a nucleolus. It often has a spherical shape, in which case it looks darker. In other cases, it is oval and of a lighter color. It is likely to be mostly oval in shape, as one can see from the side view. If observed from one of its ends, instead, it looks spherical, 44 Archiv f. Mikrosk. Anat. 3 Bd. 45 On the structure of seminiferous tubules, etc. Second prior communication. -Gazzetta medica italiana, Lombardia 51. 1875. 46 "Corpuscle" will be replaced by "chromatoid body" throughout the remainder of the manuscript. The chromatoid body is a male germ cell-specific cytoplasmic ribonucleoprotein structure present in spermatocytes and spermatids that may function in posttranscriptional gene regulation [an excellent review: Yokota, Acta Histochem Cytochem 41 (4) (2008)]. Its discovery was credited to von Brunn in 1876, although the detailed account provided here by Sertoli clearly reveals he was characterizing it at the same time. darker, and thicker. Sometimes, because of the cell position, it seems located inside the nucleus, in which case it resembles a nucleolus. The [chromatoid body] is in contact with the external surface of the nucleus but it does not adhere to it, nor is it composed of a partial, circumscribed enlargement of its membrane. When the cell is observed in a given position under the microscope, a very small space in between them, which is wider at a much more advanced stage of [spermatid] development, might be seen.
If a [round spermatid] is treated with distilled water early in the first developmental stage, it slowly swells and the protoplasm becomes lighter and transparent, while its contours become barely visible. The [chromatoid body] is not affected at all. By using dilute acetic acid, the [spermatid] becomes initially smaller, granular and dark; the nucleus undergoes pretty much the same changes, and its borders appear darker and larger. The prolonged action of acetic acid causes the cell to swell, while the granules disappear. The protoplasm becomes clearer and barely visible; the nucleus looks lighter as well, and its contours appear thin again; the [chromatoid body] is no longer visible. If the preparation is rinsed again with water, the cell becomes once again smaller, dark, and granular, just as under the initial action of acetic acid. The [chromatoid body] is again visible; it swells, becomes lighter and invisible under the action of acetic acid, just like the thin granules in the protoplasm. However, the [chromatoid body] does not disintegrate and, unlike the granules, it resists the action of distilled water.
I never noticed two of these [chromatoid bodies] in the same cell. Therefore, until proven otherwise, I will be convinced that La Valette's observations in relation to the development of [spermatid] If observed in a very fresh state, the [developing flagellum] shows the same, though extremely slow, vibratory movements as mature spermatozoa. In fact, these are so wide and vigorous that they cause the cell to which it is attached to move whenever the [developing flagellum] free end is prevented from oscillating.
Someone might think that this [developing flagellum] is only a tail piece accidentally attached to the cell. Such a supposition, though, is unsubstantiated because (i) The importance of such a statement is well understood as it demonstrates Pflueger's considerations (1) In fact, while they still have the appearance of a cell, they already contain an essential part of the spermatozoon. As the [flagellum] continues to grow, the nucleus, until now in its position, travels to a point of the cell surface opposed to the one where the [developing flagellum] originates. At the same time, the membrane of the nuclear hemisphere facing the cell surface becomes thicker, so that the border of this part of the nucleus appears well marked. This phenomenon, which is a peculiarity of the [spermatid] developmental process, was already observed by La Valette St-George and analyzed in detail by Merkel in his last work (2).
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Based on my observations, I share Merkel's conclusion that the thickening of the nuclear membrane occurs to the detriment of the nuclear content, which becomes less dense.
At some point at the very beginning of the first developmental stage [(of spermatids)], it is possible to observe both the [chromatoid body] in the protoplasm and the nucleolus in the nucleus of the [round spermatids]. The nucleolus is smaller than the [chromatoid body], which is now smaller than later on. However, when the border of a nuclear hemisphere begins to thicken, the nucleolus disappears and is no longer visible, while the [chromatoid body] appears more clearly. I could not tell whether the [developing flagellum] is already present when both the [chromatoid body] and the nucleolus are in the [round spermatids]. I never noticed it, but I might have missed it due to its extreme thinness, or because it accidentally detached from the examined cells.
While these transformations take place in the nucleus, the cell, once spherical, assumes an oval shape. At one of its ends, the nucleus with an enlarged border protrudes from the cell surface, while at the other it is possible to see the mentioned [developing flagellum]. As the development continues, the nucleus moves beyond the cell surface, so that the hemisphere with the thick membrane protrudes from the protoplasm. This, as a result, is positioned beneath the nucleus, like a bag wrapping the hemisphere with the thin border.
I was never able to observe a membrane in the [round spermatids], so I cannot confirm whether, as some maintain, the protruding nucleus is delimited by a membrane of the same cell, as if it were a cap.
At the same time as the [round spermatid] undergoes the changes described above, the initially thin [developing flagellum] becomes gradually longer and larger to the detriment of the protoplasm. The [developing flagellum] gradually connects to the protoplasm, so one might think that the protoplasm of the [spermatid] becomes longer here to form the [flagellum of the spermatozoon].
The [round spermatid] shape has only changed insignificantly so far and it still has the appearance of a cell. With the exception of the nucleus, which has undergone only minor changes compared to the ones occurring later on, the most salient feature of the [spermatid] first developmental stage is the tail formation.
Second Stage [(elongating spermatid)]-As the [spermatid] grows, the nucleus, once rounded, undergoes major changes leading to the formation of the [elongating spermatid] head.
Its spherical shape becomes oval, and its largest diameter aligns with the largest diameter of the cell. At its free edge, a slight protrusion of the thicker side of the membrane is visible, which I believe corresponds to what Merkel called Spitzenknopf. Later, in place of this protrusion, one sees a small aculeus [(acrosome)] 54 often inclined sideward.
With regard to Merkel's Spitzenknopf, I am of the opinion that a slight and circumscribed protrusion is present at the thickest point of the nuclear membrane. Diagonally, this may look like a button firmly attached to the nuclear membrane. As the protrusion becomes more pronounced, the [(acrosome)] described and shown in Figure 15 originates and becomes longer as the [elongating spermatid] develops, while the body of the nucleus becomes smaller. This is how, in the second [(elongating)] developmental stage, the head of the future spermatozoon assumes the nail shape described by Ebner.
As it becomes longer, the [(acrosome)] gradually inclines sideward at its free edge, forming a hook, which is the typical shape of the spermatozoon head in rats. Meanwhile, the lower side of the nucleus becomes narrower in the cross direction, so that it loses its spherical shape, and it constitutes the basal surface of the hook. This is cut diagonally so that it faces the tipped side, and has a rhomboid shape with rounded angles, except for the lowest one.
The nuclear content contributes to form the [(acrosome)] and therefore the hook as well. It is delimited by a membrane that contains a thick double border at the top and becomes increasingly narrower, until it appears extremely thin at the base. It is precisely because of the membrane thickness and the [(acrosome)] thinness that the upper part of the nucleus looks opaque compared to the large lower part, where the nuclear membrane is thinner and the content more abundant.
The content of the nucleus is initially light colored, with rare and pale granules still present in its spherical side. Subsequently, these disappear; the light becomes more reflective while the content is darker and homogeneous, and it slowly assumes the appearance of a mature spermatozoon head.
At the same time that these profound changes affect the nucleus of the [round spermatid], the cellular protoplasm becomes longer, looking like a bag attached from its upper side to the diagonal basis of the spermatozoon head.
While the nucleus protrudes from a [round spermatid] edge and grows longer, the [chromatoid body] I described earlier, at a distance, becomes surrounded by shiny granules, which begin to appear in the protoplasm around this time. Once the nucleus formed the 54 Sertoli describes a structure he calls the "aculueus" which means a short pointed process (Latin for 'small needle'), but I could not find this term used in this manner elsewhere in the literature of that era. This is apparently the acrosome, and therefore, will replace "aculeus" with "acrosome" throughout the remainder of the manuscript. [(acrosome)], the [chromatoid body] becomes indistinguishable. In some cases, it disappears at an earlier time.
During the second developmental stage of the [elongating spermatid], the most prominent feature is, therefore, the head formation.
Third stage [(condensing spermatid)]-Once the head and tail of the future spermatozoon have been formed, the only missing part is the [round spermatid] protoplasm. As I mentioned, this assumes the shape of a bag connecting the head to the tail.
The area closer to the head grows longer and narrow, resembling a sort of neck attached to the head base, and forms a small swelling (Figure 15, table IV) . Under the neck, the swollen body of the [condensing spermatid] gradually narrows toward its lower part and continues into the [flagellum], as shown in Figure 15 , table IV. The protoplasmic mass is now ampule-shaped and finely granular, with shiny granules in its largest part.
The total length of the [condensing spermatid] is now 0.15 mm. The head is 0.015 mm long, the neck is 0.012, the body approximately 0.023, and the [flagellum] 0.10 mm.
As the [spermatid] keeps growing, the neck becomes increasingly thinner and longer. It remains attached to the hook base only from its obtuse angle, so that the low, acute one is free, thus reflecting the appearance of a completely formed spermatozoon. The [piece] connecting the tail to the head along the neck appears in this moment. The entire neck is now a thread and the body, now smaller, constitutes a granular, elongated mass, which remains attached to the thread midpiece for a while, forming the well-known Dujardin's appendage.
Finally, the [condensing spermatid] body or midpiece (Schweigger-Seidel's Mittelstück) is formed. This would be the product of the cellular protoplasm from which the [spermatid] develops, as accepted by the scientific community with the only exception of Kölliker. Like my colleagues, I cannot describe precisely how the midpiece is formed. I observed developing [spermatids] like the one shown in Figure 15 (table IV), in which it was impossible to see any [flagellum] continuing into the cellular protoplasm toward the head. Some other times, I observed them in a much more advanced stage and I noticed that the head was completely connected to the [developing flagellum] Figure 16 shows a [cluster of round spermatids] with four nuclei on the cell surface having the typical thick membrane, and also four extremely thin tails, which moved in the solution exactly as the [developing flagellum of single round spermatids]. The other cell shown in Figure 16 represents a more advanced stage of development. Here, the two nuclei are elongated and protrude from the cell forming the [(acrosome)] described earlier. On its opposite side, one can see the tails of the future spermatozoa in the form of two long threads. In the third cell, the head of two [spermatids] with the same protoplasm as the [cluster of round spermatids] is almost completely formed. My observations did not provide enough evidence to determine whether [spermatids] reach their maturity when they remain so close together.
The above leads to the conclusion that [spermatids] develop from [germ cells] in the testis, as Kölliker first demonstrated. It also indicates that, without going into detail, they develop in the manner described by Henle, La Valette St-George, Schweigger-Seidel, and Merkel: the nucleus leads to the formation of the head, while the protoplasm contributes to form the [flagellum] .
I believe it is especially important to note that first the tail, then the head, and finally the body or midpiece [of the flagellum] develop to form the spermatozoon. My division of the [spermatid] development into three main stages is therefore entirely justified.
[Spermatids] form and fully develop in situ, namely in the same place where the [round spermatids are] located. Only when they reach maturity do they pass though the center of the tubule to reach the rete testis. As Ebner rightly observed, they place themselves along the tubule lumen in such a way that they move ahead using their tails, which converge in a spiral motion parallel to the direction of the tubule. In order to clarify the developmental sequence of [spermatid] generations in a given tubule tract and to illustrate how they relate to one another, I produced the following diagram based on the preparations I made, which faithfully represents and summarizes all of the above.
57 Not aware of evidence of motion exhibited by the flagella of developing spermatids. 58 Sertoli might be describing the cytoplasmic droplet, a small bit of residual cytoplasm that often resides on the flagellum after spermiation, and can be maintained in the epididymis, vas deferens, and after ejaculation. By examining a short tubule tract where first stage [spermatogonia (type A)]-namely, a generation of [round spermatids] in its first stage-are found, it is obviously not possible to see the following stage of the same generation. As I mentioned earlier, development does not occur simultaneously but in a stepwise process, downward within the tubule. It is therefore when one looks at a close, lower tract that the second stage of a recently formed generation, after going through the transition from the first to the second stage, becomes visible. Subsequently, in the following tract, the third stage of a more advanced generation will be found, and so on until the last generation.
Let us now suppose that tracts 1, 2, 3, etc. of the tubule represent the timeframe in which the stages of the same generation take place, instead of each individual developmental stage of several generations. In that case, the diagram would show all the eight stages that a given generation goes through from the moment it originates in the form of 60 Four generations are found in this tract as well, but this time they are in different stages: the first generation in stage II, the second in IV, the third in VI, and the last one in VIII.
The diagram helps to understand this concept, which appears fairly complicated in the two sections.
Let us suppose that an odd-numbered tubule tract, e.g. no. 3, and an even-numbered one, e.g. Therefore, the odd-numbered tracts 1, 3, 5, 7 contain the most recent, that is the youngest generation in its stage I, the third generation in III, the second in V, and the oldest in VII. The following even-numbered tracts 2, 4, 6, 8, instead, contain the four generations that are in a more advanced stage: the youngest in its II, the third in IV, the second in VI, and the oldest generation in stage VIII. Thus, by superimposing an even-numbered tract on an odd-numbered one, or Figure 2 on Figure 1 of table III, one can see at the same point or tract all the developmental stages a generation undergoes, from the beginning to the end.
As the diagram shows, in the last portion of the even-numbered tracts, which contain older generations, the oldest one, now at its end, enters the tubule lumen. At the same time, a new generation originates from the periphery of the odd-numbered tracts, while each of the three existing generations enters a more advanced stage. Thus, a new generation is formed every two tracts, and every two tracts another generation becomes fully mature and enters the tubule lumen.
The length of the tracts corresponding to a given stage can vary, so that no. 1 can be shorter or longer than no. 2, which in turn can be shorter or longer than no. 3, and so on (1). 61 For the sake of simplicity, I arbitrarily decided to draw segments of the same 59 There was no designation on the figure or mention in the legend for elongating spermatids, although they were incorporated into the figure title. 60 There was no designation on the figure or mention in the legend for condensing spermatids, although they were incorporated into the figure title. 61 It is not possible to indicate precisely how long each of these tracts is, because it is hard to determine exactly when they start and end. However, I was able to establish the length of the tubule tracts between two points where the [spermatids] ] are oriented parallel to the direction of the tubule, that is, in the diagram, the length of 1 plus 2, 3 plus 4, etc. This length varies greatly: based on the 10 length in the diagram. However, the diagram clearly shows what the preparations reveal: in the same tract, be it longer or shorter than the others, the stages of the four generations it contains are of the same length. If this were not the case, it would not be possible to see in the sections of the tubules the continuous interrelation that exists between one category of cells and another, or between these and the various [spermatid] It is therefore clear that the preparation method Ebner relied upon was flawed and lead him to erroneous conclusions, so he cannot convince us of the validity of his theory.
Either he did not examine fresh tubules or he did not use isotonic solutions, as proved when he states that [spermatids] in the tubule are motionless (l.c., p. 218). This is obviously incorrect, as I was able to repeatedly notice their movement. In this respect, it should be noted that even Neumann admits he was not able to observe the events preceding the formation of 62 "In the majority of cases, only the debris of these structures and the individual lobes appear to be isolated, like cells with small nuclei." 63 On the development, the human body and the human body. The animals. Inaug. Diss., Konigsberg, 1873. 64 On the development, the human body and the human body. Therefore, the theory proposed by Ebner cannot be considered valid at all, and the total absence of supporting evidence does not allow to prove such a complex phenomenon. Indeed, the supposition that a spontaneous formation of nuclei (Kernartige Gebilde) may take place in a protoplasmic extension, and that this extension might be able to generate cells with the crucial physiological role of creating a new individual from egg cells-as [spermatids] are-goes against the theory, universally acknowledged, of cell formation.
I believe it is appropriate to spend a few words on the method I used, for other researchers may want to replicate my study on rat testes. It is a very simple one. I made scrape preparations with extremely fresh samples, or samples hardened in Müller solution. I found this solution very helpful, especially when I needed to observe the shape and position of individual cells. In fresh preparations from newly killed animals, I used aqueous humor from the eye, as it does not alter the composition of the cells.
My study is not based on randomly taken tubules. I isolated a given tubule a few inches long, which is easily done in rats. Then, I placed it on a microscope slide rinsed with a small amount of solution. Starting from one end, I cut several pieces, no longer than two or three millimeters, with a scalpel, and I examined them one by one, scraping them appropriately. By working in this way, the preparations are not a combination of disparate cells in different stages of [spermatid] development, which only confuse the observer. Instead, the gradual changes in the structure of the tubules, the transition from one component to the other, and every single transformation [single round spermatids] undergo before they become [elongating and condensing spermatids] are thus clearly visible.
In order to observe the layer of [spermatogonia] and first stage [spermatocytes (preleptotene, leptotene, and zygotene)], as well as the sheath proper, it is advisable not to use any needles. I took a small portion of a tubule, one or two mm long, from a sample soaked in Müller solution for 5 to 6 days, then I cut it along its length on the microscope slide. The solution should not be added before cutting the tubule, but only immediately after. The two halves can be stretched using needles, taking care to detach the central mass gently. At this point, the tubule can be observed under the slide. I initially used a small drop of a concentrated neutral solution of carmine, then 65 The spermatogenesis in the amphibian. Arch. F. Mikr. Anat Vol. XII. distilled water and, finally, after having positioned the slide, I added glycerin or Farrants' solution.
The tubules soaked for a few weeks in Müllers solution certainly can be cut on a microscope slide with a thin, sharp scalpel. Although complete segments can hardly ever be cut, they permit good preparations in which the mutual relations among the cells are only slightly altered. In order to have thinner and more complete segments, I put several portions of tubules of a hardened testis together in a not-too concentrated solution of gum arabic, so that it could easily penetrate inside. Then I let them soak for a few days, protected from the dust, until the gum arabic solution was evaporated to the consistency of a thick syrup. After arranging the portions in order in a paper case with gum arabic, I treated them with alcohol so that I could cut the portions appropriately. In order to observe the lamellae of the sheath proper, I let extremely fresh tubules soak in dilute solution of silver nitrate (1:400). By keeping them soaked in the salt a few minutes longer, the basal surface of 
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